Abstract. Solamargine (SM), a steroidal alkaloid glycoside purified from the Chinese traditional herb Solanum incanum, is known to possess various biological activities. However, only a few previous studies have reported the anti-metastatic activity of SM. In the present study, the inhibitory effects of SM on metastatic action were investigated in human HepG2 cells. The proliferation effects of SM on the HepG2 cells was evaluated by MTT and colony formation assays. Wound-healing and Transwell assays were performed to examine the migration and invasion effects on SM-treated HepG2 cells. The epithelial-to-mesenchymal transition (EMT)-associated markers (E-cadherin, Vimentin and N-cadherin) were detected by western blotting analysis. In the present study, MTT and colony formation assays indicated that SM suppressed HepG2 cell viability in a dose-dependent manner. The wound-healing and Transwell assays revealed that the migration and invasion activities were significantly inhibited following exposure to SM. EMT has been demonstrated to be essential for promoting migration and invasion in tumor cells and has often been characterized with a loss of epithelial markers (E-cadherin) and an increase of mesenchymal markers (Vimentin and N-cadherin). In the western blotting analysis, the expression level of E-cadherin was significantly upregulated compared with that in the control group, whereas the expression levels of N-cadherin and Vimentin were downregulated. Thus, it was suggested that the underlying mechanism of SM inhibits migration and invasion in HepG2 cells and is associated with suppression of EMT.
Introduction
Hepatoblastoma is the most common type of pediatric malignant liver tumor in childhood worldwide, and demonstrates an increasing incidence; the incidence is estimated to be 1.2-1.5/million children per year, accounting for 80% of malignant liver tumors in childhood (1) (2) (3) (4) . The type of tumor is usually diagnosed prior to the age of 4 years, with poor prognosis and aggressive behavior (5) . Despite certain previous studies investigating the metastasis mechanisms underlying the HepG2 cell line (6) (7) (8) , the mechanisms remain obscure. The approaches to suppress the migration and invasion viability in hepatoblastoma cells remain limited.
Previous studies have suggested that EMT is a crucial process inducing cell cancer migration and invasion (9, 10) . A growing number of tumors were demonstrated to be involved in the EMT process when migrated and invaded, including pancreatic cancer, colorectal cancer, prostate cancer and breast cancer (11) (12) (13) (14) .
At the molecular level, a feature of EMT is the loss or decreased expression level of epithelial cell markers, E-cadherin (E-ca), and the upregulation of mesenchymal properties, Vimentin and N-cadherin (N-ca) (15, 16) . The loss of E-ca is considered to be the primary event of EMT, the consequent loss of E-ca induces enhanced migration and invasion potential of tumor cells (17) . Furthermore, the expression level of E-ca is often inversely associated with tumor stage and grade (18, 19) .
Solamargine (SM) extracted from the Chinese herb Solanum incanum L., is a major steroidal glycoalkaloid and belongs to the Solanaceae (or nightshade) family (20) . Our previous study demonstrated that SM strongly inhibited growth and induced apoptosis of HCC cells, and we further investigated mechanisms underlying apoptosis induced by SM (21) . Given this effect on the proliferation and apoptosis of HCC cells, the present study aimed to observe and determine whether SM contributes to an effective action on metastasis in hepatoblastoma cells and explore the possible underlying mechanisms. 5 and treated with serial concentrations of 0, 5, 10 or 20 µM SM for 24 h at 37˚C. Following incubation, the medium solution was removed and 20 µl of medium supplemented with MTT reagent (5.0 mg/ml) was added to the well. Following a 4-h incubation at 37˚C, the medium solution was removed again. Subsequently, 100 µl DMSO was added to each well and agitated for 15 min at 37˚C. The absorbance at 490 nm (A490) was determined using an ELISA reader (Bio-Rad 680; Bio-Rad Laboratories, Inc., Hercules, CA, USA). The cell survival ratio was evaluated based on the treated group A490 results vs. the untreated group results.
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Materials and methods
Materials
Colony formation assay. For the colony formation assays, the HepG2 cells were seeded into 6-well plates (Corning Incorporated) at a low density of 500 cells per well. Subsequently, the cells were treated with 0, 5, 10 or 20 µM SM and incubated for 2 weeks in a humidified atmosphere of 5% CO 2 at 37˚C. Subsequently, the cells were fixed with 4% paraformaldehyde for 30 min at room temperature and stained with crystal violet for 15 min at room temperature, followed with colony counting by eye. Images were captured using a fluorescence microscope (Eclipse TS100; magnification, x10; Nikon Corporation, Tokyo, Japan).
Determination of migration using wound-healing assays.
In the wound-healing migration assays, cells were seeded in 6-well plates at a density of 1x10 6 cells/well, incubated for 24 h at 37˚C and scratched using a yellow pipette tip when the cells covered the well. The cells were washed with PBS twice to clear the floating cells and various concentrations (0, 5, 10 or 20 µM) of SM were added. Images were captured at 12 and 24 h using a fluorescence microscope at x40 magnification.
Evaluation of migration by Transwell assay. Cell migration was determined using the Transwell Boyden chamber containing 8-µm pore size membranes (Corning Incorporated). Briefly, suspended HepG2 cells were separately treated with 0, 5, 10 or 20 µM SM in serum-free DMEM at a density of 2x10 5 cells, and then added to the upper chamber of the Transwell. DMEM supplemented with 10% FBS was added to the lower chamber as a chemoattractant. Following incubation for 24 h at 37˚C, non-invading cells remaining on the upper surface were removed using a wet cotton swab, whereas cells on the lower surface were fixed with 4% paraformaldehyde for 30 min at room temperature and stained with crystal violet for 15 min at room temperature. Images were captured using a fluorescence microscope at x200 magnification.
Matrigel-coated Transwell assay to detect invasion.
In the cell invasion experiment, the Transwells were coated with Matrigel (BD Biosciences, Franklin Lakes, NJ, USA). Subsequent steps were similar to those described in the migration assay protocol, and detailed procedures were performed as previously described (22) .
Western blot analysis. Western blot analysis was performed as described previously (21), with minor modifications. Cells were treated with 0, 5, 10 or 20 µM SM for 24 h. Cell lysates were collected using a lysis buffer (Beyotime Institute of Biotechnology) and β-actin was used as the loading control. The cell lysate proteins were separated by electrophoresis based on their molecular weight, size and charge, and 40 µg/lane cell lysate proteins were loaded and separated using 10% SDS-PAGE by electrophoresis for 2 h at room temperature. They were then transferred onto polyvinylidene difluoride membranes (EMD Millipore, Billerica, MA, USA) for 90 min at -20˚C, then incubated with 3% bovine serum albumin for 1 h at room temperature. Subsequently, the primary antibodies as aforementioned were added and incubated overnight at 4˚C. Following this, cells were incubated with secondary antibodies as aforementioned for 1 h at room temperature. Immunoreactive bands were detected using chemiluminescence reagent (EMD Millipore) and all the blots were quantified using LANE 1D software version 1 (Sage Creation Science Co., Ltd., Beijing, China). The experiments were performed ≥3 times.
Statistical analysis. Data are presented as the mean ± standard deviation, and the differences between two groups were analyzed using Student's t-test. Statistical analyses were performed using SPSS 16.0 (SPSS, Inc., Chicago, IL, USA).
P<0.05 was considered to indicate a statistically significant difference. All the experiments were performed in at least in triplicate.
Results
Proliferation and viability of HepG2 cells is suppressed by SM.
The suppressive effect of SM on HepG2 cell viability and proliferation was determined by MTT and colony formation assays. In the MTT analysis, HepG2 cells were treated with various concentrations (0, 5, 10 or 20 µM) of SM for 24 h. The results revealed that the survival fraction of HepG2 cells was affected in a dose-dependent manner. At 20 µM SM the survival rate (21.7±3.5%) was the lowest (Fig. 1A) . In the colony formation experiments, each well was seeded with 500 HepG2 cells, then incubated for 2 weeks and stained, and the colony number was then counted. Following exposure to 5, 10 or 20 µM SM, the relative colony numbers were 57.7±4.3, 38.1±4.9 and 15.7±2.5% compared with the control group (P<0.001). The colony number decreased in a dose-dependent manner (Fig. 1B) .
Migration of HepG2 cells is attenuated by SM treatment.
The migration was evaluated by wound-healing and Transwell assays. In the wound-healing assay, HepG2 cells were treated with 0, 5, 10 or 20 µM SM supplemented with 1% FBS. Following 12 and 24 h, the width of the wound exhibited a lower propensity for closure compared with the that of the untreated cells. The untreated HepG2 cells filled the majority of the wounded area after 24 h, whereas a distinct gap remained in the SM-treated groups after 24 h, and the gaps were affected in a dose-dependent manner (Fig. 2) . Furthermore, after 24 h and treatment with 10 and 20 µM SM, respectively, the width of the gaps were increased compared with the gap at 12 h (Fig. 2) . To confirm the inhibition effects, a Transwell assay was performed. HepG2 cells were treated with SM for 24 h, then stained, imaged and evaluated. Compared with the untreated group, the mobility ratio of 5, 10 and 20 µM SM-treated cells were 51.7±8.1, 35.3±4.5 and 19.0±3.6%, respectively (Fig. 3A) . The relative migration ratios of the SM-treated HepG2 cells revealed significant differences compared with the untreated group (P<0.001; Fig. 3B ).
Invasion of HepG2 cells is suppressed by SM.
Cell invasive capacity was evaluated by matrigel-coated Transwell assays. As presented in Fig. 4A , the invasive ability of the SM-treated cells decreased significantly as the SM concentration increased. Compared with the untreated cells, the relative invasion ratios of 5, 10 and 20 µM SM-treated HepG2 cells were 65.0±4.6, 33.7±5.5 and 16.1±5.6%, respectively. There were significant differences between the treated and untreated groups (P<0.001; Fig. 4B ). These results indicated that SM inhibited the invasive capacity of HepG2 cells.
Changes in expression level of EMT representative proteins in SM-treated cells.
EMT is an important process in inducing cancer migration and invasion, which is often associated with a loss or decrease of E-ca, and an increase of Vimentin and N-ca expression levels (15, 16) . Thus, the present study examined whether EMT-associated protein expression levels changed in SM-treated cells. As presented in Fig. 5 , the epithelial marker, E-ca, was upregulated compared with that in the control group, whereas the mesenchymal markers, Vimentin and N-ca were consistently downregulated in the SM-treated cells. Therefore, it was suggested that SM treatment decreased the migration and invasion abilities in hepatoblastoma cells by suppressing the process of EMT. 
Discussion
Previously, Chinese herbs have been demonstrated to contribute an effective function in the treatment of numerous diseases and have attracted worldwide attention (23, 24) . Certain previous studies have reported that they Chinese herbs served important roles in regulating tumor cell behavior, including proliferation, apoptosis and metastasis (25) (26) (27) . SM, extracted from Solanum incanum, is a traditional Chinese herb that was demonstrated to possess an effective function in inducing apoptosis of HepG2 and SMMC7721 cells in our previous study (21) . In the present study, as conclusive results were not previously observed when investigating metastasis in SMMC7721 cells, the effects of SM on the migration and invasion on HepG2 cells were evaluated, and the concentration and treated durations were used as referenced in our previous study (21) .
Previous studies have indicated that SM may suppress cell proliferation in numerous cancer cell lines (28) (29) (30) . In the present study, the results of the MTT and colony formation assays further confirmed this hypothesis showing that SM effectively reduced cell proliferation in a concentration-dependent manner in HepG2 cells.
The results of wound-healing and Transwell experiments demonstrated that the migration ability of the HepG2 cells was decreased following treatment with various concentrations of SM. Furthermore, as the doses of SM increased, the suppression effect was enhanced. In the wound-healing assay, it was hypothesized that the width of the gap would decrease in a time-dependent manner, whereas after 24 h of treatment with 10 and 20 µM concentrations of SM, the width of the gap was increased compared with the size of the gap following 12 h. It was considered that this phenomenon was associated with the SM function in triggering HepG2 cells death by apoptosis (21) . Use of a Matrigel-coated Transwell assay is a classical method to detect cell invasion, whereby the invasive HepG2 cells would digest the gel and penetrate the upper chamber to the lower wells. Following exposure to various concentrations of SM, the number of HepG2 cells in the lower chamber decreased greatly as the SM concentrations increased. The Matrigel-coated Transwell experiment indicated that SM inhibited the invasive viability of HepG2 cells efficiently.
Given the suppression effects of migration and invasion revealed in HepG2 cells, the present study subsequently investigated the underlying mechanism. EMT is a crucial event for metastasis in numerous types of cancer (10, (31) (32) (33) , and was first recognized as a feature of embryogenesis in the 1980s (34) . During the transformation from the epithelial to the mesenchymal phenotype, epithelial cells lose their polygonal shape and acquire a spindle-shaped morphology, which provides the tumor cells enhanced motility and invasive abilities (35) (36) (37) . At the molecular level, numerous previous studies have described the molecular pathways involved in EMT, and revealed that it is characterized an increase in N-ca and Vimentin, but particularly by the downregulation of E-ca (38, 39) . The western blot analysis of the present study demonstrated that the expression of E-ca was upregulated compared with the control group, whereas N-ca and Vimentin were consistently downregulated in SM-treated cells. Thus, it was suggested that SM inhibited the migration and invasion of HepG2 cells by blocking EMT.
The present study aimed to reveal the function and effects of SM in hepatoblastoma cells. However, as a traditional Chinese herb, SM has various functions and further studies are required to detect them. Taken together, the present findings suggested that SM may inhibit the migration and invasion viability of HepG2 cells by blocking EMT. 
